There is an increased demand by organizations such as payors, healthcare systems, accreditation agencies as well as the public for data on patient outcomes (1) (2) (3) (4) (5) . Many of these organizations have launched initiatives to collect patient-level process and outcome data. In patients with cardiovascular disease, database research has resulted in effectiveness evaluations of drugs (6) , medical procedures (6,7) and processes of care (8 -10) . Examples of cardiovascular databases range from administrative datasets such as Medicare's MEDPAR database (11) (12) (13) (14) (15) , which provides diagnoses, treatments and hospital mortality to clinically rich databases collected as part of randomized trials (16 -18) . Between these extremes, there are a large number of database models of various scope and quality. The quality of the methods utilized for data collection and analysis is becoming increasingly important because external review organizations as well as the public use these data to evaluate quality of care. Public release of results obtained from studies utilizing Medicare claims data has resulted in both hospital and practitioner identification as providing worse than expected outcomes (19 -22) .
Patients presenting with acute myocardial infarction (AMI) have been widely studied in various databases due to the large number of cases, the public health threat and the availability of a variety of effective treatments. Although there are many administrative and regional databases that include AMI patients, there are only two with large national samples collected outside clinical trials: the Health Care Financing Administrative (HCFA) database, the Cooperative Cardiovascular Project (CCP) (23) and the pharmaceutical industry-sponsored National Registry of Myocardial Infarction (NRMI 2) (24 -26) .
These two large datasets attempted to capture information on the same patient populations in many of the same hospitals using markedly different case ascertainment and data collection strategies. The CCP utilized a centralized case identification and internally validated abstraction strategy, whereas NRMI 2 utilizes a local strategy with simpler data collection forms. Although the centralized strategy should result in better case ascertainment and potentially more accurate data collection, the NRMI 2 methods have the advantage of being less expensive, which facilitates ongoing data collection with rapid feedback of results to practitioners. The purpose of the present study was to compare these two datasets to evaluate whether or not the two strategies resulted in similar findings in AMI patients. Specifically, we asked the study question whether or not the simpler case identification and data abstraction processes used by NRMI 2 were comparable with the more rigorous processes utilized in the CCP.
METHODS
Databases. The National Registry of Myocardial Infarction 2 is a multi-center voluntary database designed to collect, analyze and report cross-sectional data on patients admitted with myocardial infarction throughout the U.S. (24) . The purpose of NRMI 2 is to provide participating hospitals with periodic summary data assisting local continuous quality assessment activities, to aggregate and test hypotheses describing AMI populations and to monitor the safety experience of a particular thrombolytic agent, alteplase. Between June 1994 and January 1997, 1,529 hospitals enrolled 446,970 patients into NRMI 2.
Data collection in NRMI 2 depends on local patient identification and chart abstraction in combination with centralized data entry. A study coordinator at each hospital is instructed to enroll consecutive confirmed infarcts utilizing local AMI criteria, which commonly includes ECG, cardiac enzyme or angiographic abnormalities or a discharge diagnosis of 410.xx electrocardiogram (acute myocardial infarction by ICD coding). Coordinators attend a half-day training course and are provided with a reference manual that includes case report form field definitions and examples of correct responses. Patient information is transcribed onto a two-page case report form. Completed forms are forwarded to an independent central data collection center, ClinTrials Research, Inc. (Lexington, Kentucky). There are 87 electronic data checks to detect internal inconsistencies, omissions and out-of-range values. Case report forms that fail edit checks are mailed back to the study coordinator for data resolution.
The Cooperative Cardiovascular Project database is a national effort by the HCFA to improve care for Medicare beneficiaries discharged with AMI. Unlike NRMI 2, the CCP is a mandated quality improvement process and is therefore included in the universe of hospitals providing care for Medicare beneficiaries with AMI.
Patients with the discharge diagnosis of AMI (410.xx, excluding 410.x2 [re-admission for AMI within eight weeks of discharge]) were retrospectively identified by HCFA utilizing a central administrative database (23) . All hospitals that admitted patients with Medicare insurance were then required to submit the photocopied medical records of the identified AMI patients to a central data abstraction center. Acute-care hospitals from across the country (n ϭ 4,223) submitted 224,377 medical records for AMI patients discharged within specified eight-month periods between February, 1994 and July, 1995. Clinical Data Abstraction Centers (CDACs) performed data abstraction from medical records.
All CDAC abstractors receive substantial training in applicable medical terms and procedures. In addition, CDACs periodically perform blinded reabstractions on random samples of medical records to measure the quality of the abstraction process. Thus, in comparison with NRMI 2, the CCP is a database that utilized centralized case identification and data abstraction.
Database comparison.
Internal validity was evaluated at the hospital and patient level. To evaluate case ascertainment and overall comparability of the databases independent of individual patient matching, we performed a hospital-level comparison. In this comparison we attempted to evaluate whether or not differences in patient identification procedures would result in differences in baseline demographic, patient presentation, process of care and outcome calculated in each database. For comparison purposes, the CCP was designated to be the reference database.
Because there were hospitals in NRMI 2 not included in the CCP and vice versa, hospitals were first matched based on Medicare provider number. Patients discharged from hospitals not participating in both databases were excluded. Next, a set of discharge dates common to both databases To evaluate internal validity at the individual patient level, we performed a patient-level analysis. In this analysis, individual patients enrolled in both databases were matched, and common variables collected in both databases were compared. Patient matching was based on composite keys that were developed based on shared attributes within the data schema. The composite keys were classified into a 4-key (hospital, discharge date, age and gender), 5-key (4-key plus arrival date) and 6-key (5-key plus arrival time). To match records among the CCP and NRMI 2 comparison populations, an iterative program module was developed to identify 6-key, 5-key and 4-key matches. When all attributes within the key were the same between NRMI 2 and CCP comparison populations, the match was considered exact. Discharge and arrival date were permitted an allowance of Ϯ1 day, age Ϯ1 year and arrival time Ϯ1 h. The highest priority patient match occurred at the 6-key level.
The preliminary patient-level database contained 28,689 records in which 24,908 (87%) were exact matches. Among the exact matches, 14,531 (58%) were based on the 6-key match, 9,940 (40%) on 5-key and 437 (2%) on 4-key. There were also 3,025 duplicate cases removed from the preliminary match resulting in a final matched NRMI 2/CCP comparison population of 25,664 patient episodes contributed by 1,076 hospitals.
External validity was evaluated by comparing baseline data, process and outcome of care in all patients 65 years and older in NRMI 2 and CCP without matching at either the patient or hospital-level (unmatched comparison). For this comparison, there were 73,774 patients admitted to 1,338 hospitals that participated in NRMI 2 and 129,482 patients admitted to 4,205 hospitals in the CCP.
Data analysis.
In the hospital-level and unmatched comparison, baseline demographics, clinical events, use of medications, utilization of cardiac procedures and outcomes were compared using chi-square for categorical and Student t test for continuous variable comparisons. Variables chosen for comparison were those included in both databases and were predefined based on previous studies evaluating outcome in AMI patients. Logistic regression was utilized to determine the multivariate association between the variables and in-hospital mortality in each database to compare whether the calculated odds ratios were different depending on the database. All statistical calculations were performed with the SAS 6.12 statistical procedure (SAS Institute).
In the patient-level comparison, percent agreement and Kappa scores were calculated for variables collected in each dataset. Percent of agreement was defined as the proportion of agreement plus the proportion of those who did not agree divided by the total number of matched patients.
RESULTS
There were a total of 446,970 patients included in the NRMI 2 database and 224,377 in the CCP database. From these sources, we identified 35,675 AMI patients in NRMI 2 and 42,703 patients in CCP who were likely to be Medicare-eligible and who were admitted to the same hospitals during the same data abstraction period. From these two groups, we were able to match 25,664 patients that represented identical patients enrolled in both databases and are referred to as the patient-level comparison. Patients included in the CCP but not identified in NRMI 2 (CCP unmatched) ( Table 1) were similar to the entire CCP cohort. There were no substantial differences in demographics, past medical histories or hospital course. Hospital mortality was slightly higher in CCP patients not identified in NRMI 2 (18.7% vs. 18.1%, p ϭ 0.08). Patients included in NRMI 2 but not identified in the CCP (NRMI 2 unmatched) were similar to the entire NRMI 2 cohort in terms of demographics and past medical history. However, hospital complications including shock (8.3% vs. 7.8%, p ϭ 0.09), stroke (2.3% vs. 1.9%, p ϭ 0.008) and hospital mortality (24.1% vs. 19.7%, p ϭ 0.001) were each higher in the NRMI 2 patients not identified in the CCP.
Hospital-level comparison.
In the first analysis, we compared selected variables reported in hospitals included in both databases during matched time periods (hospital-level comparison in which there was no individual patient matching). Baseline demographic data and past medical histories were similar in the two databases (Table 2) . Although there were statistically significant differences in most comparisons due to the large numbers of patients in each cohort, there was little difference in age, gender or race. In general, the CCP database was more likely to identify past diseases such as prior myocardial infarction or heart failure. There was little difference in the identification of past cardiac procedures.
Process of care variables were identified with similar frequency in each database (Table 3) . National Registry of Myocardial Infarction 2 was more likely to identify the use of thrombolytic therapy in AMI patients (15.6% vs. 14.6%, p Ͻ 0.001), but there was little difference in the identification of the use of cardiac catheterization, bypass surgery or coronary angioplasty. Identification of discharge medications was similar in both databases, although the CCP was somewhat more likely to identify the use of aspirin, angiotension-converting enzyme inhibitors and beta-adrenergic blocking agents at hospital discharge. The mean length-of-hospital stay was nearly identical.
After hospital admission, NRMI 2 was less likely to identify hospital complications such as shock (7.8% vs. 8.3%, p ϭ 0.025) or stroke (1.9% vs. 3.4%, p Ͻ 0.001) ( Table 3) . Most stroke identification in NRMI 2 was in patients with intracranial bleeding (1.6%); thus, there appeared to be underidentification of nonhemorrhagic strokes in NRMI 2. Hospital mortality was higher in NRMI 2 (19.7% vs. 18.1%, p Ͻ 0.001). This may be explained by the inclusion of noninsured elderly patients (although within the Medicare age group eligibility) in NRMI 2 that appeared to have higher mortality than those identified with Medicare insurance (24.5% vs. 19.9%, p ϭ 0.06). Comparison of the NRMI-2 with the CCP To further illustrate the comparability of the two datasets using the hospital-level comparison (e.g., without individual patient matching) we constructed two logistic regression models that evaluated the association between variables common to both datasets and hospital death. Each model was run first in the CCP cohort and then in the NRMI 2 cohort. Using a set of predefined variables, each database model predicted a similar association between the variable and hospital death (Fig. 1) . For example, the association between age and hospital death was (odds ratio ϭ 1.18 vs. . In a second model, we added variables included in CCP that were not abstracted in NRMI 2. In this expanded model, the CCP variables terminal illness (odds ratio ϭ 1.6, 95%, confidence interval ϭ 1.1-2.1) and apache 2 score (odds ratio ϭ 1.12, 95%, confidence interval ϭ 1.11-1.13) were significantly associated with hospital mortality. The history of dementia or COPD were not associated with hospital mortality. The odds ratios illustrated in Figure 1 did not substantially change when these additional variables were added to the model. The association between key variables collected in both the CCP and NRMI 2 and hospital death. Odds ratios and 95% confidence intervals were calculated independently in each database using patients included in the hospital-level comparison. Although there was no individual patient matching, the odds of death calculated for each variable in each cohort were similar. (Table 5 , kappa values ϭ 0.75-0.97). There was close agreement on the hospital mortality end point (kappa ϭ 0.98). One-hundred ten patients were classified as hospital deaths in NRMI 2 but classified as alive in the CCP, whereas 60 patients were classified as hospital deaths in the CCP but classified as alive in NRMI 2 (Table 6 ). Of clinical end points, identification of reinfarction had the lowest kappa value (0.21) with disagreement in 1,222 of 25,664 patients.
External validity.
Because the CCP included all nonFederal hospitals (n ϭ 4,223) while NRMI 2 (n ϭ 1,338) included select hospitals, we compared Medicare eligible patients in each database without matching at either the hospital or patient level to evaluate external validity. Hospitals participating in NRMI 2 were larger on average (264 vs. 174 beds, p ϭ 0.0001), more likely to have on-site catheterization facilities (72.6% vs. 42.9%, p ϭ 0.001) and on-site bypass surgery (39.3 vs. 20.3, p ϭ 0.001). Despite these differences in hospital characteristics, most demographic, process and outcome data were similar ( Table 7) . As with the other analyses, past histories were modestly underreported in NRMI 2 with the greatest difference noted in past history of stroke (12.0% in NRMI 2 vs. 15.5% in CCP, p ϭ 0.001). Patients included in NRMI 2 were more likely to undergo thrombolysis, cardiac catheterization, coronary angioplasty or bypass surgery. Clinical event reporting was similar except for underreporting of stroke (2% vs. 3.5%, p ϭ 0.001) and heart failure complication (24.7% vs. 47.8%, p ϭ 0.001) in NRMI 2. Hospital mortality was similar in the two databases.
DISCUSSION
The demand for process and outcome measures in American healthcare systems is growing. The traditional mechanism for obtaining these measures has been the administrative dataset, which has the advantage of identifying all patients with a particular diagnosis or procedure (11) (12) (13) (14) (15) . The disadvantage of administrative data is the lack of Comparison of the NRMI-2 with the CCP clinical detail (27) . At the other extreme are databases that are obtained in the setting of clinical trials which have the advantage of clinical detail and accuracy but are resourceintensive and limited to the select patient population that qualifies for the trial (16 -18) . The challenge for physicians, researchers and administrators interested in measuring process of care and outcome is to develop efficient mechanisms to identify patients and collect data that are both internally and externally valid.
In this study, we compared two different mechanisms to collect process and outcome data in patients with AMI. The CCP database relies on a centralized system of patient identification and data abstraction that assures accuracy through standardized data abstraction procedures and random reabstraction methods. Although this methodology should be considered the "gold standard," it is time intensive and therefore expensive and does not lend itself to continuous data collection. The NRMI 2 database, on the other hand, relies on local hospital patient identification and chart abstraction without methods for assuring consecutive patient enrollment or chart reabstraction for purposes of validation. This data collection process is less time intensive and therefore can be used as an ongoing registry. However, the less rigorous data collection methodology used in NRMI 2 has led some to question the validity of findings. For example, if hospitals excluded patients with poor outcomes or processes of care, this would bias overall results reported from the NRMI 2 database.
Findings. Our findings, however, confirmed few differences in these two datasets despite the substantial difference in data collection methodologies. Although there was a modest underascertainment of potentially eligible infarct cases (10%-15%), NRMI 2 was comparable with the CCP in defining demographic data, past medical histories and procedure and medication use. Surprisingly, overall mortality in the hospital-level comparison was somewhat higher in NRMI 2 than the CCP database. We had hypothesized that NRMI 2 investigators may underreport poor outcomes, but this did not seem to be the case. It appears that the higher mortality calculated in NRMI 2 patients was due to inclusion of non-Medicare insured patients in NRMI 2 which would not have been identified in the CCP. In fact, in 25,664 matched patients, there was disagreement in the mortality end point in only 0.2%.
Of some concern is a higher level of disagreement (lower kappa values) at the patient-level analysis in other clinical end points such as shock, stroke or recurrent infarction. One explanation for these findings could be different variable definitions used in each database. For example, NRMI 2 defines recurrent myocardial infarction as "the occurrence of another MI confirmed by new diagnostic ST/T wave changes or a second elevation of cardiac enzymes Ͼ2 times normal." The CCP, on the other hand, defines the same variable as "a new event during the hospitalization in which more heart muscle is damaged." Clinicians may also use different definitions for these events that may lead to variation in chart documentation. Because of the lower kappa values, these outcomes (shock, stroke and recurrent infarction) must be viewed with caution.
The external validity of NRMI 2 was also reasonable as compared with the CCP. Data obtained from NRMI 2 would underidentify comorbidities and overidentify cardiac procedure use as compared with the population as a whole. These differences were quite small and probably not clinically meaningful. Although mortality outcomes were similar, the rate of stroke and heart failure during the hospitalization was substantially different between databases.
Although not tested in this study, we might speculate why the results obtained from NRMI 2 were comparable with the more rigorous CCP database. First, identification of AMI patients is relatively simple, because nearly all patients are treated in the hospital, most are admitted to one area of the hospital (CCU) and there is a financial incentive to code with the AMI discharge diagnosis (410). Second, experience with NRMI 1 gave the study sponsors and advisors valuable information on the design and use of the NRMI 2 data collection form (24, 28) . This allowed the data collection form to include most critical data while being efficient and "user-friendly" to complete. Third, many hospitals participating in NRMI 2 use the quarterly report describing individual hospital results in comparison with National standards, as an internal quality assurance mechanism. This may promote careful patient identification and chart abstraction in those institutions. Finally, hospitals receive a modest payment for each case report form that is completed, which may promote participation by institutions with limited resources.
Study limitations.
Although these two independently collected databases were comparable, there are several limitations of the study. First, AMI is probably a simpler disease to study in a registry such as NRMI 2 due to the hospitalization of most patients and readily measured process and outcome variables. Our findings are not easily generalized to other diseases. Second, the incentives for quality data collection in NRMI 2, such as the use of quarterly reports for quality improvement projects, are likely critical components of the validity of the Registry. Our findings are probably not easily generalized to other registries with different procedures and incentives to assure data quality. Finally, although we assumed that costs for NRMI 2 were lower than CCP based on time of chart abstraction and the absence of chart copying and mailing to a central data collection center, we were unable to measure costs directly.
We also compared two databases that relied on retrospective chart abstraction to define variables. Although we defined the CCP as the "gold standard," chart abstraction may not be the optimal method for defining process and outcome of care. For some healthcare systems, electronic medical records with point of care prospective data collection using standardized data definitions have replaced paper
